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Abstract

Grasslands provide key ecosystem services, but their protection is often ignored in sustainable policy. This
Perspective describes grassland degradation and sets out the steps needed to protect these systems and
promote their restoration.
Grasslands are under severe threat from ongoing degradation, undermining their capacity to support
biodiversity, ecosystem services and human well-being. Yet, grasslands are largely ignored in sustainable
development agendas. In this Perspective, we examine the current state of global grasslands and explore
the extent and dominant drivers of their degradation. Socio-ecological solutions are needed to combat
degradation and promote restoration. Important strategies include: increasing recognition of grasslands
in global policy; developing standardized indicators of degradation; using scientific innovation for effective
restoration at regional and landscape scales; and enhancing knowledge transfer and data sharing on
restoration experiences. Stakeholder needs can be balanced through standardized assessment and shared
understanding of the potential ecosystem service trade-offs in degraded and restored grasslands. The
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integration of these actions into sustainability policy will aid in halting degradation and enhancing
restoration success, and protect the socio-economic, cultural and ecological benefits that grasslands
provide.
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Abstract

ZSM-5/Bi4O5Br2 composite catalyst based on the ZSM-5 zeolite and Bi4O5Br2 was prepared by in situ
precipitation method at room temperature. The morphological, optical, structural, and
photoelectrochemical properties of the composites were studied. The photocatalytic performance of the
ZSM-5/Bi4O5Br2 photocatalyst was evaluated through degrading rhodamine B (RhB) dye under visible
light irradiation. The photocatalytic result confirms that ZSM-5/Bi4O5Br2 photocatalyst with 1 wt% of
ZSM-5 exhibits the best photocatalytic performance, and it achieves 99.86% removal efficiency in
removing RhB within 25 min, and its reaction rate constant is 2.32 times that of pure Bi4O5Br2. The
specific surface area of ZSM/Bi4O5Br2 is four times that of Bi4O5Br2, which provides more active sites for
photocatalytic degradation. The improved photocatalytic activity of ZSM/Bi4O5Br2 composite is mainly
attributed to the interaction between ZSM-5 and Bi4O5Br2, which increases the electron transfer of the
interface. center dot O-2 and h(+) are the main active groups in the photocatalytic degradation reaction
system. These studies reveal that the catalyst is easy to prepare and is an efficient photocatalyst for RhB
degradation. This study supplies a reference for the degradation of RhB by ZSM-5 composite Bi4O5Br2
photocatalyst induced by visible light at room temperature.
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Abstract

Developing durable photocatalysts with highly efficient antibiotics degradation is crucial for environment
purification. Herein, tetra (4-carboxyphenyl) porphyrin (TCPP) was loaded onto the surface of Bi2MoO6
microspheres to gain hierarchical organic-inorganic TCPP/Bi2MoO6 (TCPP/BMO) heterojunctions via a
facile impregnation strategy. The catalytic properties of these catalysts were comprehensively
investigated through the photodegradation of tetracycline hydrochloride (TC) under visible light. Among
all the TCPP/BMO heterojunctions, the highest photodegradation rate constant (0.0278 min(-1)) was
achieved with 0.25 wt% TCPP (TCPP/BMO-2), which was approximately 1.15 folds greater than that of
pristine Bi2MoO6 and far superior to pure TCPP. The extremely high photocatalytic performance is
attributed to the interfacial interaction between TCPP and Bi2MoO6, which favors the efficient separation
of charge carriers and the enhancement of visible-light absorbance. TCPP/BMO-2 possesses high
mineralization capability and good recycling performance. Photo-induced center dot O-2(-), h(+), and
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center dot OH were mainly responsible for the degradation of TC. The degradation pathways of TC and
toxicity of degradation intermediates were analyzed based on the intermediates detected by the high
performance liquid chromatography mass spectrometer (HPLC-MS) and the toxicity assessment by the
quantitative structure-activity relationship (QSAR) prediction. A possible photocatalytic mechanism over
TCPP/BMO is proposed. This work offers an insight in developing the porphyrin-based organic-inorganic
heterojunctions for effectively remedying pharmaceutical wastewater. (C) 2021 Elsevier Inc. All rights
reserved.
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Abstract

A novel Ag/Ag2S/Bi(2)MoO(6 )plasmonic p-n heterojunction has been constructed via the in-situ growth
of p-type Ag2S nanoparticles on n-type Bi2MoO6 microspheres, followed by the photo-reduction
treatment. Simultaneously, the Ag-0 loading percentage in the heterojunction could be finely controlled
by tuning the photo-reduction time. The optimized Ag/Ag2S/Bi2MoO6 (AAS/BMO-4) manifests the
highest photocatalytic performance towards degrading levofloxacin (LEV) and tetracycline hydrochloride
(TC), which degradation efficiencies are 87.3% and 92.8%, respectively. Such improvement mechanism
could be due to the improved light absorption in the visible-light region induced by localized surface
plasmon resonance (LSPR) and the efficient interfacial separation and transport of charge carriers in
Ag/Ag2S/Bi2MoO6. The impacts of some key parameters (e.g., various inorganic anions, representative
organic substances and various water resources) are systematically investigated. Ag/Ag2S/Bi2MoO6 also
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exhibits excellent mineralization capability and recycling performance in degrading LEV. Moreover, photo-
generated h(+), (OH)-O-center dot, and O-center dot(2)- are identified as the dominant reactive species
accounting for the degradation of antibiotics. The photodegradation pathway of LEV has also been
elucidated based on the intermediate identification. Therefore, this study not only reports an innovative
plasmonic p-n heterojunction but also the new design of photocatalysts capable of efficiently degrading
pharmaceutical antibiotics under visible-light irradiation.
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Abstract

Shallow defects are mostly benign in covalent semiconductors, such as silicon, given that they do not
constitute non-radiative recombination sites. In contrast, the existence of shallow defects in ionic
perovskite crystals might have significant repercussions on the long-term stability of perovskite solar cells
(PSCs) because of the metastability of the ubiquitous formamidinium lead triiodide (FAPbI(3)) perovskite
and the migration of charged point defects. Here, we show that shallow iodine interstitial defects (I-i) can
be generated unintentionally during commonly used post-fabrication treatments, which can lower the
cubic-to-hexagonal transformation barrier of FAPbI(3)-based perovskites to accelerate its phase
degradation. We demonstrate that concurrently avoiding the generation of I-i and the more effective
passivation of iodine vacancies (V-I) can improve the thermodynamic stability of the films and operational
stability of the PSCs. Our most stable PSC retained 92.1 % of its initial performance after nearly 1,000 h of
continuous illumination operational stability testing.
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Abstract

Organic compounds, generated from different industries, produce a range of the problematic pollutants
in wastewater. TiO2 based photocatalysts are novel materials that exhibit excellent absorption behavior
toward organic compounds in wastewater due to their outstanding properties including nontoxicity, high
photocatalytic degradation ability, and excellent thermal and chemical stabilities. However, several
challenges exist regarding TiO2 applications for organic effluents such as particle aggregation, mass
transfer limitation, poor affinity, high band energy, scattering conditions, and difficulty of recovery.
Therefore, more design and optimization testing need to be conducted on the treatment conditions in
order to reach higher removal efficiencies with lower costs. A variety of parameters of TiO2 based
photocatalysts need to be studied: substrate, light intensity, dopant, particle size, structure. These
parameters, which affect TiO2 photocatalytic activity on organic pollutants, are discussed in the current
review. Thus, making the photocatalyst more anticipated and conducive to further research and
development. (C) 2020 Elsevier Ltd. All rights reserved.
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Plastic waste are introduced into the environment inevitably and their exposure in the environment
causes deterioration in mechanical and physicochemical properties and leads to the formation of plastic
fragments, which are considered as microplastics when their size is < 5 mm. In recent years, microplastic
pollution has been reported in all kinds of environments worldwide and is considered a potential threat
to the health of ecosystems and humans. However, knowledge on the environmental degradation of
plastics and the formation of microplastics is still limited. In this review, potential hotspots for the
accumulation of plastic waste were identified, major mechanisms and characterization methods of plastic
degradation were summarized, and studies on the environmental degradation of plastics were evaluated.
Future research works should further identify the key environmental parameters and properties of
plastics affecting the degradation in order to predict the fate of plastics in different environments and
facilitate the development of technologies for reducing plastic pollution. Formation and degradation of
microplastics, including nanoplastics, should receive more research attention to assess their fate and
ecological risks in the environment more comprehensively. (C) 2021 Elsevier Ltd. All rights reserved.
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Globally, the interaction and vulnerability of tourism and climate change have recently been in focus. This
study examines how carbon dioxide emissions respond to changes in the tourism development. Panel
data from 2000 to 2017 for 70 countries are analyzed using spatial econometric method to investigate the
spatial spillover effect of tourism development on environmental pollution. The direct, indirect, and
overall impact of tourism on environmental pollution are estimated after the selection of the most
appropriate GNS method. The findings reveal that tourism has a positive direct effect and a negative
indirect effect; both are significant at the 1 % level. The negative indirect effect of tourism is greater than
its direct positive effect, implying an overall significantly negative impact. Further, the outcome of
financial development and carbon emissions have an inverted U-shaped and U-shaped relationship in
direct and indirect impacts. Population density, trade openness and economic growth significantly
influence on environmental pollution through spatial spill over. In addition, education expenditure and
infrastructure play a significant moderating role in the relationship among tourism development and
environmental pollution. The results have important policy implications as they establish an inverted-
Ushaped relationship among tourism and environmental pollution and indicate that while a country's
emissions initially rise with the tourism industry's growth, they begin declining after a limit.
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Abstract

In the present study, gold nanoparticles were locally well-decorated on the surface of TiO2 using the
tungstophosphoric acid (HPW), as UV-switchable reducing intermediate linkers. The prepared Au
NPs/HPW/TiO2 nanostructure was characterized using FTIR, XRD, EDS, SEM and TEM, which confirmed
the successful attachment of quasi-spherical Au NPs in the range of 20-30 nm on the surface of HPW
modified TiO2. Also, the FTIR results show that the Au NPs were binded to TiO2 through the terminal the
oxygen atoms HPW. The photocatalytic performance of prepared nanostructures was assessed in
degradation of nitrobenzene. The nitrobenzene photodegradation kinetic study revealed that it well
followed the Langmuir-Hinshelwood kinetic model with the apparent rate constant of 0.001 min(-1) using
anatase TiO2, 0.0004 min(-1) using HPW, 0.0014 using HPW/TiO2, while it was obtained 0.0065 min(-1)
using Au NPs@HPW/TiO2 nanostructure. It shows that the photocatalytic rate of the prepared
nanocomposites increased by 6.5- and 4.6-fold compared to photoactivity of anatase TiO2 and HPW/TiO2
respectively. Also, the photocatalytic mechanism of process was proposed. Moreover, the reusability
study confirmed that its photocatalytic activity still remained high after three cycles.
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Abstract

P-nitrophenol (PNP), a widely used compound, is harmful to the environment and human health. In this
study, four iron-based Prussian blue analogs (PBAs) were prepared by coprecipitation (Co-Fe PBA, Mn-Fe
PBA, Cu-Fe PBA and Fe-Fe PBA). The Co-Fe PBA exhibited high peroxymonosulfate (PMS) activation
performance for PNP degradation, removing over 90% of PNP in 60 min at an optimal pH of 7, temperature
at 30 celcius, initial concentration of 20 mg/L, PBA dose of 0.2 g/L and PMS dose of 1 g/L. The
physicochemical properties of the Co-Fe PBA were investigated by various characterization methods. The
catalytic activity of PBA and the influence of various process parameters and water quality on the catalytic
reaction were investigated to elucidate the mechanism of p-nitrophenol degradation by PBA-activated
persulfate. Moreover, the mechanism of accelerated degradation of PNP under HCO3- conditions and the
role of major reactive oxides were determined by EPR measurement methods and free radical trapping
experiments. HCO3- was found to directly activate PMS to produce reactive oxygen species, and O-1(2),
(OH)-O-center dot and SO4 center dot- were all greatly increased. This work presents a promising green
heterogeneous catalyst for the degradation of emerging contaminants (ECs) in real wastewater with
natural organic matter and coexisting anions by PMS activation. (C) 2021 Elsevier Inc. All rights reserved.
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Abstract

The number of studies on the relationship between technological innovation and CO2 emissions has
gradually increased in recent years, although there is no clear agreement in the literature. Previous
research has revealed both positive and negative consequences of technological innovation on the
environment. Moreover, most researchers have used linear approaches to explore this connection, which
can result in spurious outcomes when nonlinearities exist in the data. According to this background, this
research utilizes asymmetric ARDL and spectral causality approaches to assess the asymmetric connection
between technological innovation and CO2 emissions in Sweden utilizing data from 1980 to 2018. In
addition, the disaggregated asymmetric effects of technological innovation (patent resident and patent
nonresident) on CO2 are also captured in this study. The Nonlinear Autoregressive Distributed lag (NARDL)
results showed that positive (negative) shocks in economic growth enhance environmental quality in
Sweden. Furthermore, a positive (negative) shock in technological innovation causes a decrease (increase)
in CO2. Similarly, a positive (negative) shock in patent nonresident and residents leads to a decrease
(increase) in CO2 emissions in Sweden. The outcomes from the spectral causality revealed that in the
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medium and long term, aggregate and disaggregate technological innovation can predict CO2 emissions
in Sweden. This study has significant policy implications for policymakers and the government in Sweden.
Based on these findings, the study suggests that the government of Sweden should investment in
technological innovation since it plays a vital role in curbing environmental degradation.
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Abstract

To decrease the adverse environmental and health-related effects of antibiotics, a series of MnFe2O4-Au
(MFO-Au) composites were prepared by simple co-precipitation and photoreduction methods for efficient
photo-Fenton degradation of tetracycline (TC). The synergistic effect of MFO and gold nanoparticles
(AuNPs) with high absorption of visible light and strong photogenerated carrier separation efficiency
endowed MFO-Au-3 an outstanding photo-Fenton catalytic performance for TC degradation in neutral
condition. The surface hydroxyl of MFO profited to generation of center dot OH, and negative charged or
partially polarized AuNPs benefited to adsorption of H2O2, which had a synergistic effect on enhancing
the photo-Fenton catalytic performance of MFO-Au. 88.3% of TC was efficiently removed and about 51.9%
of TOC decreased within 90 min. The electron spin resonance and quenching tests suggested that h(+) and
e(-) were responsible for the high catalytic degradation and center dot OH and O-2(-) participated in the
photo-Fenton reaction. The toxicity assessment by seed germination experiments showed efficient
toxicity reduction of this system. Besides, MFO-Au exhibited high stability, good cycle, relatively
economical and practical application performance, which is expected to provide potential guidance for
the design and combination of noble nanoparticles with high stability and spinel bimetallic oxides with
high catalytic activity in photo-Fenton reactions.
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Abstract

In order to realize optimal power distribution between proton exchange membrane fuel cell and
supercapacitor in hybrid electric tram, an online extremum seeking-based optimized energy management
strategy is proposed in this work. Considering that the fuel cell is a complex nonlinear system, its
performance will vary as the external parameters change, so it is necessary to consider the performance
state of stack. An online extremum seeking algorithm is investigated in this work to seek the maximum
power and maximum efficiency points by searching the variation in fuel cell performance. Besides, this
work also updates its "safe operating zone" based on the results of the online extremum seeking. This
process is achieved by the adaptive recursive least square algorithm. Furthermore, in order to limit the
power dynamic of fuel cell, the degradation of the stack is considered in this study. To guarantee the
stable and continued operation of the electric tram, the state of charge fluctuation range of
supercapacitor is also limited. The effectiveness of the presented method is successfully verified under
scaleddown operating condition of hybrid electric tram on the reduced-scale test platform. The proposed
method is also compared with state machine control and equivalent consumption minimization strategy
to further demonstrate that it has advantages in hydrogen consumption, state of charge fluctuation,
efficiency, and fuel cell output power dynamics.
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Abstract

This study scrutinizes the impact of globalization, non-renewable energy consumption, and economic
growth on CO2 emission for selected South Asian economies during 1985-2018 under the EKC framework.
For this purpose, we apply a fully modified ordinary least square (FMOLS) technique. The empirical
findings of this study identify that globalization is positively associated with CO2 emission. The results also
indicate that non-renewable energy consumption increasing environmental pollution. Moreover, the
results confirm the EKC hypothesis in the South Asian region; this means that at the early stages of
development, when economic growth increases, environmental pollution also increases, but
environmental degradation starts to decrease with the increases in economic growth after the threshold
point. The empirical outcomes suggest that the government should subsidize and promote renewable
energy sources to tackle the problem of environmental degradation.
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Abstract

Inorganic anions, such as chloridion, carbonate, phosphate, sulfate and nitrate are ubiquitous in water,
they will react with hydroxyl radical and sulfate radical produced during advanced oxidation processes
(AOPs), to form chlorine radical, carbonate radical nitrate radical, phosphate radical and sulfate radical,
which have a significant influence on the transformation of organic pollutants. It is generally believed that
the quenching effect of inorganic anions on reactive species produced in AOPs was the main reason to
influence the performance of AOPs. While this reason cannot explain all the results. In addition, at present
most of studies only focused on the effect of inorganic anions on the removal efficiency of targeted
organic pollutant by AOPs. For better understanding the effect of inorganic anions on the performance of
AOPs, it is crucial to comprehensively evaluate the effect of inorganic anions on AOPs. In this review paper,
the effect of inorganic anions (such as chloridion, carbonate, phosphate, sulfate and nitrate) on the
performance of AOPs, including the transformation of reactive species, stability of oxidants, catalytic
activity of catalysts and degradation products, was systematically summarized and reviewed. Firstly, their
effect on the formation and transformation of reactive species was discussed, then the effect on the
stability of oxidants (H2O2 and persulfate) and catalysts was introduced. Furthermore, the effect on the
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catalytic activity of catalysts was analyzed. Finally, the effect on the degradation intermediate products of
organic pollutants was summarized. This review will provide an insight into the underlying influence
mechanism of inorganic anions on AOPs, which is conducive to comprehensively evaluate the effect of
inorganic anions on the performance of AOPs.
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Abstract

A core-shell metal-organic framework encapsulated Fe3O4 magnetic particles (Fe3O4@Zn/Co-ZIFs) was
designed and synthesized successfully to activate peroxymonosulfate (PMS) for carbamazepine (CBZ)
degradation. It exhibits superior catalytic performance since the unique interior structure and synergistic
effect between ZIFs shell and Fe3O4 core, achieving 100% removal of CBZ (5 mg/L) within 30 min. The
outer wrapping structure of ZIF-8 can stabilize the ZIF-67 and Fe3O4 under intricate reaction conditions
to restrain the leaching of Co ions (as low as 0.067 mg/L). Further investigation found that both SO4 center
dot- and OH center dot contribute to the degradation of CBZ at initial stage, and SO4 center dot- gradually
plays a pivotal role with the reaction time prolonging. The acceleration of electron transfer between
Fe3O4 and cobalt active sites of Zn/Co-ZIFs could induce the redox cycling of Co2+ and Co3+. The possible
degradation pathway was proposed by analyzing intermediates. This work extends the development of
MOFs materials for environmental remediation.
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Abstract

Over the past few years, the emission of organic pollutants into the environment has increased
tremendously. Therefore, various photocatalysts have been developed for the degradation of organic
pollutants. In this study, a step-scheme BiVO4/Ag3VO4 composite was synthesized via a hydrothermal
and chemical deposition process for the degradation of methylene blue. The composite showed strong
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redox ability under visible light. The 40%BiVO4/Ag3VO4 composite showed excellent photocatalytic
degradation properties with a K-app of 0.05588 min(-1), which is 22.76 and 1.76 times higher than those
of BiVO4 (0.00247 min(-1)) and Ag3VO4 (0.03167 min(-1)), respectively. The composite showed a stable
performance and could retain 90% of its photocatalytic activity even after four cycles. The improved
catalytic performance of the composite as compared to BiVO4 and Ag3VO4 can be attributed to its novel
step-scheme mechanism, which facilitated the separation of the photogenerated charges and increased
their lifetime. The photoluminescence measurement results and transient photocurrent response
revealed that the composite showed efficient extraction of charge carriers. (C) 2021, Dalian Institute of
Chemical Physics, Chinese Academy of Sciences. Published by Elsevier B.V. All rights reserved.
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Abstract

Pharmaceutical wastewater has become a severe, tremendous threaten to ecological environment and
human health. Semiconductor photocatalysts have emerged as potential candidates for degrading
pharmaceutical pollutants. Construction of highly efficient, stable and recyclable Z-scheme photocatalysts
that are superior to individual constituents or widely studied heterojunction photocatalysts is very
fascinating yet challenging. Herein, we report an efficient, stable and recyclable visible-light-driven (VLD)
Bi2WO6/Ta3N5 Z-scheme heterojunction with compact interface contact fabricated via an
electrospinning-calcination-solvothermal route, in which abundant Bi2WO6 nanosheets are in-situ,
compactly and vertically grown on the surface of the Ta3N5 nanofibers. These as-fabricated Z-scheme
Bi2WO6/Ta3N5 heterojunctions display dramatically enhanced VLD catalytic activity compared to pristine
Bi2WO6, Ta3N5, or the mixture of Bi2WO6 and Ta3N5. Particularly, Bi2WO6/Ta3N5 (1.0Bi-Ta) presents
the highest photocatalytic property for the removal of tetracycline hydrochloride (TC) and ciprofloxacin
(CIP), achieving approximately 86.7% and 81.1% degradation efficiency, respectively. The extraordinary
photocatalytic property is ascribed to the Z-scheme hetero-structure with unique core-shell architecture
that realizes compactly interfacial contact between the components for efficient separation of
photoexcited carriers, strong visible-light absorption, as well as possesses the strong oxidation ability of
photo-excited hole, and the high reduction capacity of photo-excited electron. The trapping experiments
combined with electron spin resonance (ESR) analyses verify the prevailing role of photo-induced holes
(h(+)), superoxide radicals (center dot O2-), and hydroxyl radicals (center dot OH) in the Bi2WO6/Ta3N5
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photocatalytic system. Notably, the direct contact between Bi2WO6/Ta3N5 and contaminants is
experimentally demonstrated to be significant for the efficient degradation of pollutants. Moreover,
Bi2WO6/Ta3N5 is endowed with easily recyclable characteristics and excellent durability. Therefore, this
research illustrates that Bi2WO6/Ta3N5 may hold a great prospect for the treatment of harmful
pharmaceutical pollutants.
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Abstract

The efficiency and stability of perovskite solar cells are essentially determined by defects in the perovskite
layer, yet their chemical nature and linking with the degradation mechanism of devices remain unclear.
Here we uncover where degradation occurs and the underlying mechanisms and defects involved in the
performance degradation of p-i-n perovskite solar cells under illumination or reverse bias. Light-induced
degradation starts with the generation of iodide interstitials at the interfacial region between the
perovskite and both charge transport layers. While we observe trap annihilation of two types of iodide
defect at the anode side, we find negatively charged iodide interstitials near the cathode side, which we
show to be more detrimental to the solar cell efficiency. The reverse-bias degradation is initialized by the
interaction between iodide interstitials and injected holes at the interface between the electron transport
layer and the perovskite. Introducing a hole-blocking layer between the layers suppresses this interaction,
improving the reverse-bias stability.
The efficiency of perovskite solar cells decreases over time, yet the underlying mechanisms are unclear.
Ni et al. observe charged iodide interstitial defects within the device layers and how they contribute to
the efficiency degradation when the cell is operated under illumination or reverse bias.
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Abstract

In recent times, the synthesis of metal nanoparticles (NPs) using plant extracts has recently emerged as
an intriguing issue in the field of nanoscience and nanobiotechnology, with numerous advantages over
conventional physicochemical approaches. In the current study, ZnO NPs were synthesized from
Synadium grantii leaf extricate with varying Cu-dopant concentrations. In order to the synthesis of the
pure and Cu-doped ZnO NPs, zinc nitrate hexahydrate and copper nitrate trihydrate were used as a
precursor in leaf extracts of the plant. XRD, TEM, FTIR, XPS, and PL measurements were carried out to
examine the physical and optical properties of the synthesized samples. The photocatalytic studies of the
prepared samples were studied using Methylene blue (MB), Indigo Carmine (IC), and Rhodamine B (RhB)
organic pollutants. The wurtzite crystal structure of synthesized samples was confirmed by XRD and TEM
analysis. Further, the presence of functional groups in the prepared samples was confirmed by FTIR
analysis. XPS analysis confirmed that the binding energies of a host material and dopant ions. The emission
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peaks identified at 424, 446 and 573 nm are associated with the electron movement from the deep donor
level, zinc interstitial to the zinc vacancy and oxygen vacancy. 3% and 5% Cudoped samples exhibited
superior photocatalytic activity for MB, IC, and RhB dyes. The green synthesized ZnO NPs showed enriched
photocatalytic performance, signifying that bio-synthesis can be an outstanding approach to develop
versatile and environmental products.
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Abstract

With regard to environmental degradation in Japan, the world's third-largest economy, limited studies
have been performed to illustrate the ecological aspects of the country's core and recent economic
policies such as globalization, technological innovation, and renewable energy usage policies. Given this
motivation, this research reveals a new perspective on the connection between CO2 emissions and GDP
growth, renewable energy, technological innovation and globalization in Japan by employing wavelet
statistical tools. The paper employs series of wavelet tools for datasets covering the period from 1990Q1
to 2015Q4. The empirical outcomes demonstrate proof of the interaction between renewable energy use,
economic growth, technological innovation, globalization and CO2 emissions in both time and frequency.
The empirical results of the wavelet analyses reveal that globalization, GDP growth, and technological
innovation increase CO2 emissions in Japan, while renewable energy usage mitigates CO2 in the short and
medium terms. The results demonstrate the significance of implementing policies effectively coordinated
by the policymakers to curb the significant environmental degradation in Japan. Moreover, Japan should
actively support renewable energy development and create a more competitive climate for investment in
the renewable energy market.
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Abstract

The occurrence of antibiotics in the ambient environment has raised serious concerns. In this work, the
kinetics and mechanism of photocatalytic degradation tetracycline (TC) was investigated using three-
dimensional network structure perylene diimide supramolecular organic photocatalyst (3D-PDI). Under
visible-light irradiation, 3D-PDI exhibited excellent degradation performance and stability for several
tetracycline-based antibiotics (e.g., tetracycline; chlortetracycline; oxytetracycline.). The adsorption and
degradation rate of TC by 3D-PDI were 8.21 and 12.7 times higher than that of bulk-PDI. The enhanced
adsorption and degradation performance of TC by 3D-PDI were mainly due to the larger specific surface
area and Tr-electron conjugation of 3D network supramolecular system. Superoxide radical (O-center
dot(2)-), hydrogen peroxide (H2O2) and hole (h(+)) the main reactive species (RSs) for TC degradation.
Under the attack of photocatalytic RSs, TC undergoes hydroxylation, demethylation, aromatization, and
ring-opening processes, and finally complete mineralization into CO2 and H2O. These results revealed
that perylene diimide supramolecular photocatalyst may be efficiently applied for the remediation of
tetracycline contaminated natural waters.
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Abstract

As a typical member of sulfide family, ZnIn2S4 bears impressive activity in photocatalysis. Nonetheless,
egregious recombination of photo-excited electron and hole pairs confines its practical usage. In this
study, PCN-224, a metal organic framework (MOF) composed of porphyrin linkers and Zr clusters, is
employed to establish a novel hierarchical structured ZnIn2S4@PCN-224 via a solvothermal method.
These as-prepared composites are further evaluated by visible-light-driven photocatalysis and able to
present steady performance. The optimized ZnIn2S4@PCN-224 has a hydrogen production rate of 0.284
mmol h-1 in absence of Pt, higher than many contrastive ZnIn2S4-based photocatalysts even in assistance
of Pt cocatalyst. Besides, it is able to dominate the degradation of tetracycline hydrochloride (TCH), giving
99.9 % pollutant removal within 60 min, about 4.7 times higher than that catalyzed by ZnIn2S4. It is
supposed that the great improvement in photocatalysis is ascribable to the establishment of Z-scheme
junction between ZnIn2S4 and PCN-224.
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Abstract

The fabrication of step-scheme (S-scheme) heterojunction with superior redox capability has been
emerging as a prospective strategy for environmental remediation. Herein, novel Bi2Sn2O7/Bi2MoO6 S-
scheme heterojunctions have been fabricated via in-situ anchoring Bi2Sn2O7 nanoparticles on Bi2MoO6
microspheres. The optimized Bi2Sn2O7/Bi2MoO6 (BSO/BMO-6%) attains the highest reaction rate
constant (k) in the degradation of tetra-cycline hydrochloride (TC, k = 0.0397 min(-1)), which is 3.62 folds
higher than that of pristine Bi2MoO6. Such an improvement is originated from more exposed active sites,
higher photo-excited charge separation efficiency, superior redox ability, and efficient production of
reactive h(+), center dot OH and center dot O2-. Besides, Bi2Sn2O7/Bi2MoO6 could efficiently degrade
the TC antibiotic in actual water matrix. Significantly, the toxicity evaluation verifies the nontoxicity of
Bi2Sn2O7/Bi2MoO6. Moreover, the degradation pathways of TC are determined and the toxicity of
degradation intermediates is appraised by using HPLC-MS spectra and QSAR prediction. A possible
photocatalytic mechanism over S-scheme Bi2Sn2O7/Bi2MoO6 has been elucidated based on
experimental studies combined with density functional theory (DFT) calculations. This work offers new
insights for the design of highperformance S-scheme heterojunctions for environmental remediation.
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Fabrication of easily recyclable photocatalyst with excellent photocatalytic activity for degradation of
organic pollutants in wastewater is highly desirable for practical application. In this study, a novel ternary
magnetic photocatalyst BiVO4/Fe3O4/reduced graphene oxide (BiVO4/Fe3O4/rGO) was synthesized via
a facile hydrothermal strategy. The BiVO4/Fe3O4 with 0.5 wt% of rGO (BiVO4/Fe3O4/0.5% rGO) exhibited
superior activity, degrading greater than 99% Rhodamine B (RhB) after 120 min solar light radiation. The
surface morphology and chemical composition of BiVO4/Fe3O4/rGO were studied by scanning electron
microscopy, X-ray diffraction, X-ray photoelectron spectroscopy, UV visible diffuse reflectance
spectroscopy, Fourier transform infrared spectroscopy, and Raman spectroscopy. The free radicals
scavenging experiments demonstrated that hole (h(+)) and superoxide radical (O-2(center dot-)) were the
dominant species for RhB degradation over BiVO4/Fe3O4/rGO under solar light. The reusability of this
composite catalyst was also investigated after five successive runs under an external magnetic field. The
BiVO4/Fe3O4/rGO composite was easily separated, and the recycled catalyst retained high photocatalytic
activity. This study demonstrates that catalyst BiVO4/Fe3O4/rGO possessed high dye removal efficiency
in water treatment with excellent recyclability from water after use. The current study provides a
possibility for more practical and sustainable photocatalytic process.
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Abstract

The heterogeneous Fenton-like catalysts biochar modified CuFeO2 (CuFeO2/BC) were fabricated by
hydrothermal method without additional chemical reducing agent. The systematic characterization
demonstrated that higher CuFeO2 particles dispersion and larger BET surface area of CuFeO2/BC catalyst
contributed to higher catalytic activity towards the tetracycline (TC) degradation compared to pure-phase
CuFeO2. The optimum conditions for TC removal were 598.63 mg L(-1)( )of CuFeO2/BC-1.0, 57.63 mM of
H2O2 and pH = 6.27 according to the result of a response surface methodology based on the central
composite design. The CuFeO2/BC-1.0 exhibited an excellent reusability and good stability by recycling
degradation. The (OH)-O-center dot was evidenced to the main active radical by scavenging experiments
and electron spin resonance. The XPS revealed that the high catalytic efficiency was attributed to the
synergistic effect of Fe3+/Fe2+ and Cu2+/Cu+ redox cycles, and the degradation intermediates of TC and
toxicity analysis were evaluated.
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Abstract

In this work, a novel Zeolite imidazole framework-8-modified MnFe2O4 magnetic catalyst was successfully
synthesized by one step method. The 10% ZIF-8/MnFe2O4 exhibited superior photo-Fenton catalytic
performance in TC degradation at a wider pH range (pH = 3-11). The excellent photo-Fenton catalytic
effects were possibly attributed to the formation of Zn-O-Fe structure by ZIF-8-modified MnFe2O4, which
could increase the absorption of visible light, promote the formation of crystal structure, and facilitate
the generation and separation of photo-induced carrier. The existence of Zn-O-Fe structure formed by the
occupation of Zn in ZIF-8 of tetrahedral sites in spinel structure was determined by X-ray diffraction (XRD).
Meanwhile, the UV-vis diffuse reflectance spectrophotometer (UV-vis DRS), photocurrent and impedance
characterization confirmed that the Zn-O-Fe structure could promote the separation of charge carriers.
The possible two mechanisms were proposed and the Zn-O-Fe structure played different roles in different
mechanism. In mechanism I, the Zn-O-Fe structure transfers of electrons from MnFe2O4 to ZIF-8. In
mechanism II, the Zn-O-Fe structure can generate photo-electron and holes under visible light irradiation
and transfer of electrons from ZIF-8 to MnFe2O4. This work is expected to provide valuable information
for the design and synthesis of metal-organic framework modified spinel bimetallic oxides in
heterogeneous photo-Fenton reactions.
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Abstract

Fenton processes based on the reaction between Fe2+ and H2O2 to produce hydroxyl radicals, have been
widely studied and applied for the degradation of toxic organic contaminants in wastewater due to its
high efficiency, mild condition and simple operation. However, H2O2 is usually added by bulk feeding,
which suffers from the potential risks during the storage and transportation of H2O2 as well as its low
utilization efficiency. Therefore, Fenton/Fenton-like processes with in-situ production of H2O2 have
received increasing attention, in which H2O2 was in-situ produced through O-2 activation, then
decomposed into hydroxyl radicals by Fenton catalysts. In this review, the in situ production of H2O2 for
Fenton oxidation was introduced, the strategies for activation of O-2 to generate H2O2 were summarized,
including chemical reduction, electro-catalysis and photo-catalysis, the influencing factors and the
mechanisms of the in situ production and utilization of H2O2 in various Fenton/ Fenton-like processes
were analyzed and discussed, and the applications of these processes for the degradation of toxic organic
contaminants were summarized. This review will deepen the understanding of the tacit cooperation
between the in situ production and utilization of H2O2 in Fenton process, and provide the further insight
into this promising process for degradation of emerging contaminants in industrial wastewater.
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Abstract

Developing excellent photocatalysts for antibiotics degradation and Cr(VI) reduction is of vital significance
but still a big challenge. Herein, novel S-scheme heterojunction of TaON/Bi2MoO6 with a core-shell
structure is constructed via an electrospinning-calcination-nitridation approach, where 2D Bi2MoO6
nanosheets are uniformly and firmly anchored on the surface of 1D TaON nanofibers. The optimal
TaON/Bi2MoO6 with the TaON/ Bi2MoO6 molar ratio of 1:1 manifests the highest catalytic activity
towards levofloxacin (LEV) antibiotic degradation and Cr(VI) reduction under visible light. The exceptional
photocatalytic performance is probably due to the synergistic effect of the favorable core-shell fiber-
shaped structure and S-scheme hetero-structure, which enables the strong interfacial interaction
between the constituents for effectively improving the visiblelight absorption, boosting the separation
and utilization efficiency of electron-hole pairs, and retaining the charge carriers with stronger redox
capabilities. Of note, TaON/Bi2MoO6 possesses excellent stability and reusability. Photo-generated h+,
center dot OH, and center dot O2- are the main reactive species accounting for LEV degradation, the
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detailed LEV degradation pathways are elucidated by detecting the intermediates using HPLC-MS and the
toxicity of the intermediates are assessed by quantitative structure-activity relationship (QSAR) method.
In addition, center dot O2- and e- are primarily responsible for Cr(VI) reduction. Further, a possible
photocatalytic reaction mechanism for removal of LEV and Cr(VI) is proposed. This study provides some
insights in fabricating highperformance S-scheme heterojunction photocatalysts for the efficient water
purification.
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Abstract

As a contribution to the technological innovation-natural resource rent-environment literature, this study
examines the technological innovation and natural resource rent in an environmental Kuznets curve (EKC)
multivariate framework. We employed reliable, robust, and efficient novel panel estimations methods on
a sample of 10 newly industrialized countries (NICs) over the periods 1990 and 2018. To achieve our study
objective, we employ the method of moments quantile regression (MMQR) approach to analyze the
effects of the exogenous variables over the range of diverse quantiles of carbon emissions. Results
generated from the MMQR mimic that of the three heterogeneous linear panel estimations (fully modified
ordinary least square, the dynamic ordinary least square, and the fixed effects ordinary least square) in
terms of the sign and magnitude. The result affirms the existence of the environmental Kuznets curve
(EKC) hypothesis in NICs across all quantiles (0.1-0.95). In addition, technological innovation and
renewable energy consumption improve environmental quality in NICs across quantiles (0.1-0.95), while
the joint impact of technological and natural resource rent mitigates environmental degradation from
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lower to higher quantiles (0.1-0.90). Moreover, technological innovation is found to exert an indirect
favorable impact on the environment through the pathway of natural resources. Thus, technological
innovation can be anticipated to enhance sustainable natural resources exploration in the NICs. In line
with these crucial outcomes, this research proposes that the NICs should promote technological
innovation, promote sustainable natural resource exploitation, and expedite economic expansion rates
via the sustainable transformation of their production and consumption processes.
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Abstract

Pharmaceuticals and personal care products (PPCPs) are of great concern due to their increasing health
effects, so advanced treatment technologies for PPCPs removal are urgently needed. In this study, titanate
nanotubes decorated Co(OH)(2) hollow microsphere (CoM/TNTs) composites were synthesized by a two-
step solvothermal method, and used to activate peroxymonosulfate (PMS) through heterogenous
catalysis for acetaminophen (ACE) degradation in water. The optimum material (CoM/TNTs0.5) activated
PMS system exhibited high ACE removal efficiency and quick kinetic, as 93.0% ACE was degraded even
within 10 min. The two components in CoM/TNTs showed a synergetic effect on PMS activation for
radicals production: Co(OH)(+) from CoM was the primary active species to active PMS, while TNTs could
offer abundant -OH groups for Co(OH)(+) formation. Density functional theory (DFT) calculation further
interpreted the mechanism of Co(OH)(+) for PMS activation by means of reaction potential energy surface
(PES) analysis. Both the scavenger quenching tests and electron paramagnetic resonance analysis revealed
that the sulfate radical (SO4 center dot-) played a dominant role in ACE de gradation. Moreover, DFT
calculation also suggested that the ACE atoms with high Fukui index (f(-)) represented the active sites for
electrophilic attack by SO4 center dot-. The toxicity analysis based on quantitative structure-activity
relationship (QSAR) verified the reduced toxicity of transformation products. Furthermore, CoM/TNTs
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also had good reusability and stability over five cycles. This work provides deep insights into the reaction
mechanisms of radical production and organics attack in cobalt-based PMS activation system.
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Abstract

The heterogeneous, sulfate radical-based AOPs (SR-AOPs) have emerged over the last decade as a highly
potent technology for the removal of various organic contaminants from water. This review aims to
summarize the rapid development of the various heterogeneous catalysts developed for
peroxymonosulfate (PMS) activation, destined for the degradation of organic contaminants. We cover
catalysts such as metal and bi-metallic oxides, supported noble/non-noble metal catalysts, carbonaceous-
based materials, layered double hydroxides, metal organic frameworks, zeolite and perovskite-based
catalysts, used as effective activators for the activation of PMS. The radical and non-radical pathways, as
well as the role of each radical in the reaction mechanism were discussed in detail. In addition, the
physicochemical properties of the catalyst influencing the PMS activation mechanisms were summarized.
Finally, a critical comparison of the main categories of heterogeneous catalysts is presented, while the
opportunities and shortcomings of their conception and application are also discussed.
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Abstract

N-deficient g-C3N4 (CNx) photocatalyst was synthesized via a simple one-step thermal polymerization of
urea and oxamide for the degradation of tetracycline (TC) under visible-light irradiation in the presence
of persulfate (PS) activation. The microstructure and morphology of CNx were investigated by a host of
characteristic technologies. The experimental result revealed that CNx/PS system displays a high
efficiency in the photocatalytic process of TC degradation. The effects of different environmental factors
(catalyst dose, PS dose, initial TC concentration and initial pH) on the degradation of the system were
investigated. The possible intermediates products were discussed based on the liquid chromatography-
mass spectrometry (LC-MS) analysis. Moreover, the toxicity of the TC solution over CNx/PS synergistic
photocatalytic system was studied by the culture of bean sprouts, demonstrated that the aquatic toxicity
of the TC after degradation of the system was effectively reduced.
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